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Description 



APPARATUS AND METHOD FOR 
FORMING ALIGNMENT LAYER 

Background of Invention 

[0001] The present invention relates to an apparatus and a 

method for forming a liquid crystal alignment layer with 
ion beam irradiation. 

[0002] | n a liquid crystal display (LCD), the orientation direction 
of liquid crystals is controlled by an alignment layer 
formed on a substrate. A beam of ions is irradiated at a 
thin film made of polyimide or an inorganic material. A 
bond between atoms of the thin film is broken to form an 
alignment layer with ion beam irradiation. Conventionally, 
as shown in FIGs. 12 (a) and 12 (b), an ion beam 16 is ir- 
radiated at a thin film 30 while moving a substrate 28. As 
will be mentioned later, the ion beam 16 has divergence 
and masks 12 are designed in such a manner that only the 
ion beam 16 is irradiated at the thin film 30 through a slit 
14 to contribute to the formation of an alignment layer. 



[0003] The orientation direction of liquid crystals is determined 
by an angle <t> shown in FIG. 13, in other words, an angle 
between the ion beam 16 projected on X-Y plane (a plane 
parallel to the substrate 28 and the masks 12) shown in 
FIG. 12 (b) and Y-axis, and density distribution of the ion 
beams 16. Moreover, Y-axis is assumed to be an edge 
32a of the mask 12 in FIG. 14. The orientation direction is 
assumed to be an angle between a major axis of liquid- 
crystal molecules and Y-axis or X-axis when projecting 
the molecules on the substrate. An angle 0 is an incident 
angle relative to an X-Y plane in FIG. 13. 

[0004] Actually, ion beams 16 generated from an ion source have 
divergence. More particularly, the ion source has a num- 
ber of outlets to emit the ion beams 16 and a plurality of 
ion beams 16 emitted from the outlets are irradiated in 
different directions respectively. The ion beams 16 are ir- 
radiated at a point on the thin film 30 from a plurality of 
directions. The ion beams 16 which affect the orientation 
direction are the strongest in this respect. It is necessary 
to align the orientation of the ion beams 16 in all points 
of the thin film 30. 

[0005] if the above angle <t> is different depending on the position 
of the alignment layer, liquid crystals will not be aligned in 



a unidirectional manner. This causes irregularity in bright- 
ness and color of the liquid crystal display. As shown in 
FIG. 14, when the ion beams 16a, 16b, and 16c respec- 
tively have different angles <t> at each of points A, B, and C 
on the thin film 30, the orientation direction of the liquid 
crystals becomes non-uniform. Uniformity in orientation 
direction of the liquid crystals is required to produce liq- 
uid crystal displays of high picture quality. 
Summary of Invention 

[0006] it is an object of the present invention to provide an ap- 
paratus and a method for forming an alignment layer to 
align the orientation direction of liquid crystals. 

[0007] An apparatus for forming an alignment layer according to 
the present invention comprises: means for generating an 
ion beam or an atomic beam to form an alignment layer 
on a substrate of a liquid crystal display; masks inter- 
posed between the substrate and the generating means; 
and a slit formed by a plurality of edges of masks, in 
which one of the edges includes the shape corrected 
based on the orientation direction of liquid crystals. Not 
all ion beams or atomic beams irradiated from the above- 
mentioned generating means are aligned in a unidirec- 
tional manner. The edges of the masks to form a slit have 



the corrected shape based on the orientation direction of 
the liquid crystals. The apparatus for forming an align- 
ment layer using one of the edges forms an alignment 
layer having uniform orientation direction of liquid crys- 
tals. More particularly, one of the edges of the mask is in 
a shape obtained by integrating the distribution of the 
orientation direction of the liquid crystals. 

[0008] | n another apparatus for forming an alignment layer, the 
shape of one of edges may be deformed by correcting the 
shape of the edge projected on a substrate based on the 
orientation direction of liquid crystals. When the shape of 
the edge projected is a curve, masks are wavy in a direc- 
tion perpendicular to the substrate, so that the distance 
between the edges and the substrate becomes different at 
each position of the edges. 

[0009] a method for forming an alignment layer according to the 
present invention comprises the steps of: generating an 
ion beam; forming an alignment layer by irradiating an ion 
beam at a thin film on a substrate via a slit formed by 
edges of masks; and correcting the orientation direction 
of liquid crystals according to the alignment layer formed 
on the substrate using one of the edges. 
Brief Description of Drawings 



[0010] FIGs. 1 (a) and 1 (b) respectively show an apparatus for 
forming an alignment layer according the present inven- 
tion. FIG. 1 (a) is a side view and FIG. 1 (b) is a top view. 

[0011] FIG. 2 shows a relationship between each plane and each 
ion beam shown in FIG. 1 

[0012] FIG. 3 shows a relationship between an edge and an ori- 
entation direction according to an angle of an ion beam. 

[0013] FIG. 4 shows that ion beams have reached a thin film 
when an edge is tilted. 

[0014] FIG. 5 shows that ion beams have reached a point on a 
thin film from multi-directions. 

[0015] FIG. 6 shows the distribution of the orientation direction. 

[0016] FIG. 7 shows the shape of the edge to correct the orienta- 
tion direction shown in FIG. 6. 

[0017] FIG. 8 is a top view for showing the shape of edges for 
forming a slit. 

[0018] FIG. 9 shows a slit in the case that both edges are in the 
same shape. 

[0019] FIGs. 10 (a) and 10 (b) respectively show an apparatus for 
forming an alignment layer with their edges warped. FIG. 
10 (a) is a cross-section of an edge warped in top and 
down directions against the substrate. FIG. 10 (b) is a top 
view of an edge projected on the substrate or the thin 



film. 

[0020] FIGs. 11 (a) and 11 (b) respectively show the formation of 
a slit using one piece of mask. FIG. 11 (a) shows a slit with 
one side deformed. FIG. 11 (b) shows a silt with both sides 
deformed. 

[0021] FIGs. 12 (a) and 12 (b) respectively show the formation of 

a conventional alignment layer. FIG. 12 (a) is a side view 

and FIG. 12 (b) is a top view. 
[0022] FIG. 13 shows a relationship between each plane and each 

ion beam shown in FIGs. 12 (a) and 12 (b). 
[0023] FIG. 14 is a top view for showing an angle ip of ion beams 

at each point of a thin film. 
Detailed Description 

[0024] Now, a preferred embodiment of a method and an appa- 
ratus for forming an alignment layer according to the 
present invention will be described in detail on the basis 
of accompanying drawings. 

[0025] as shown in FIGs. 1 (a) and 1 (b), an apparatus 10 for 
forming an alignment layer comprises an ion source 18 
for generating ion beams 16 and a plurality of masks 12 
interposed between a substrate 28 and the ion source 18. 
Two pieces of masks 12 are disposed on a plane parallel 
to the substrate 28 and a slit 14 is created by edges 32a 



and 32b of the masks 12. The apparatus 10 includes a 
stage (not shown in the figures) for placing the substrate 
28 and moving it in the direction with arrow shown in the 
figures. The ion source 18 is omitted in FIG. 1 (b). 

[0026] The ion source 18 comprises: a plasma generating cham- 
ber 24; an inlet of gas 26 for feeding gas into the plasma 
generating chamber 24; an accelerating electrode 22 for 
accelerating ions generated in the plasma generating 
chamber 24; and a grid 20 including an exhaust of ions 
for discharging accelerated ions outside. The grid 20 is, 
for example, in a rectangle shape, where a plurality of ion 
exhausts are uniformly aligned. For example, Argon (Ar) 
gas is used as gas. When Argon gas is used, Argon ion 
(Ar+) is generated in the plasma generating chamber 24. 

[0027] An explanation will now be given to the shape of edges on 
the masks 12. In FIG. 2, an angle Y is assumed to be an 
angle between an ion beam 16 projected on an X-Y plane 
(a plane parallel to the substrate 28 and the masks 12) 
shown in FIG. 1 and the edge 32a. The angle Y is 90 de- 
grees when an ion beam to be projected overlays on X- 
axis and the edge 32a overlays on Y-axis. 

[0028] FIG. 3 shows a relationship between an angle Y between 
an edge 32a and an ion beam 16, and the orientation di- 



rection of liquid crystals. In FIG. 3, the strength of the ion 
beam 16 irradiated from an ion source 18 is uniformed in 
a lengthwise direction (Y-direction) of the ion source 18. 
The irradiation direction of the ion beam 16 is parallel to 
the traveling direction of the substrate 28. 

[0029] | n FIG. 3, when the angle Y between the ion beam 16 and 
the edge 32a is 90 degrees, the orientation direction of 
liquid crystals is 0 degree, in other words, the orientation 
direction corresponds with the irradiation direction of the 
ion beam 16. Unless the angle Y is 90 degrees, the orien- 
tation direction is off the irradiation direction of the ion 
beam 16. This reason will now be explained. As shown in 
FIG. 4, assuming that theedge 32b has a tilt relative to Y- 
axis, an ion beam 16m in the above-mentioned irradiation 
direction does not reach Point A due to the masks 12, al- 
though Point A on a thin film 30 disposed on the sub- 
strate 28 moves. On the contrary, an ion beam 16n irradi- 
ated from a slanting direction reaches Point A, which fi- 
nally leads to be irradiated. Accordingly, the orientation 
direction is determined by the ion beam 16n and the ori- 
entation direction of the liquid crystals is misaligned. 

[0030] As shown in FIG. 5, when the ion beam 16n irradiated 

from a slightly slanting direction is stronger than the ion 



beam 16m, the orientation direction is determined by the 
ion beam 16n and the orientation direction is misaligned, 
even if the angle Y between the ion beam 16m and the 
edge 32b is 90 degrees. 

[0031] As mentioned above, drawbacks indicated in FIG. 5 are 
overcome by determining the shape of the edge 32b uti- 
lizing the nature of FIGs. 3 and 4, which results in a uni- 
form orientation direction of liquid crystals. 

[0032] As shown in FIG. 3, when the angle Y between the edge 

32b and the ion beam 16 is close to 90 degrees, there is a 
linear relationship between the orientation direction of the 
liquid crystals and the angle Y. The shape of the edge 32b 
is determined employing this relationship to correct the 
orientation direction of the liquid crystals in the present 
invention. 

[0033] For example, it is assumed that the distribution of the ori- 
entation direction of liquid crystals represents function T 
(x) at each position of an alignment layer in the direction 
perpendicular (Y-direction) to the direction of movement. 
To correct the orientation direction using the edge 32b, 
assuming that the shape distribution of the orientation di- 
rection of the liquid crystals is function f (x), the following 
equation can be obtained: 



[0034] | n Equation 1, "a" is a constant and fluctuates according to 
the size of the substrate, the kind of alignment layer and 
liquid crystals, and the nature of the beams. The constant 
"a" can be obtained by an experiment, and one of its ex- 
amples is 0.5. Function T (x) represents the orientation 
direction of liquid crystals as shown in FIG. 6, and func- 
tion f (x) represents the shape of the edge 32b as shown 
in FIG. 7. Assuming that the shape of the edge 32b is per- 
pendicular and linear relative to the moving direction of 
the substrate 28 and the ion beam 16 is irradiated at the 
thin film 30 using the edge 32b, the orientation direction 
would be the distribution as indicated in FIG. 6. When f (x) 
is obtained using the Equation 1 to correct the distribu- 
tion of the orientation direction to be linear, f (x) is indi- 
cated as shown in FIG. 7. It is possible to align the orien- 
tation of liquid crystals by making the edge 32b to be in a 
shape like FIG. 7. The distribution of orientation direction 



of the liquid crystals shown in FIG. 6 is one example. Ac- 
tually, the distribution may be changed according to the 
characteristics of the ion source 18. It is important to 
form the shape of the edge 32b of the mask 12 to provide 
a uniform orientation direction of liquid crystals, whatever 
measured distribution of the orientation direction may be. 

[0035] jo summarize, the edge 32b is determined based on the 
distribution of the orientation direction of liquid crystals 
in an alignment layer formed by a linear edge perpendicu- 
lar to the moving direction of the substrate 28. As shown 
in the Equation 1, the shape is determined by integrating 
function T (x) showing the distribution of the orientation 
direction along the above-mentioned linear edge. 

[0036] For example, the slit 14 using the edge 32b determined 
by the Equation 1 shown in FIG. 7 is like FIG. 8. The edge 
32b is on the end side of the moving direction of the sub- 
strate 28. The edge 32a provided on the starting side is in 
a linear shape. The reason why the edge 32b provided on 
the end side includes a shape determined based on the 
orientation direction of the liquid crystals is that the fi- 
nally exposed ion beams 16 have an effect on the orienta- 
tion direction. Although the edge 32b provided on the end 
side includes a curved shape, the edge 32b may be in a 



shape including a linear shape depending on the results of 
the Equation 1. 

[0037] Even if there is no linear relationship between the orienta- 
tion direction of the liquid crystals and the shape of the 
edge 32b, it is possible to correct the orientation direc- 
tion. It is assumed that a distribution of the shape of the 
edge 32b is f (x), and a distribution of the orientation di- 
rection to be corrected is T (x). Assuming that the rela- 
tionship between an angle ¥ between the edge 32b and 
an ion beam 16, and the orientation direction is experi- 
mentally determined to find the angle Y is a function in 
the orientation direction T, f (x) is expressed by the fol- 
lowing equation, putting the function as g (T): 



OX 



[0038] Variations in orientation direction can be aligned in one 

direction by determining the shape of the edge 32b based 
on this relationship. 



[0039] An alignment layer is formed using an apparatus 10 for 

forming an alignment layer. The substrate 28 is placed on 
a stage to move the substrate 28. Ion beams 16 which 
have passed through the slit 14 are irradiated at the thin 
film 30 during movement. The orientation direction is 
controlled by the shape of the edge 32b. As mentioned 
above, it is possible to produce liquid crystal displays free 
from irregularity in brightness and color because of uni- 
formed orientation direction. 

[0040] The edge 32b provided on the end side is deformed by 
the Equations 1 and 2 to control the orientation direction 
of liquid crystals, but as shown in FIG. 9, the edge 32a 
provided on the starting side may be deformed in the 
same manner as the edge 32b provided on the end side. 
Force of liquid crystals being autonomously aligned in a 
unidirectional manner without electric field, that is, orien- 
tation force of liquid crystals is a total volume of function 
of the ion beams 16 which the thin film 30 has been ex- 
posed to. The total volume of the ion beams 16 is deter- 
mined by the duration in which the thin film 30 is ex- 
posed to the ion beams 16 when the strength of the ion 
beams 16 is constant. To make orientation force also uni- 
form, the total volume of the ion beams 16 which the thin 



film 30 is exposed to is constant by making the edges 32a 
and 32b respectively provided on the starting and end 
sides in the same shape. 
[0041] The edge 32b of the mask 12 may be deformed using an- 
other method. For example, in the above-mentioned em- 
bodiment, the X-Y plane, that is, mask 12 has been de- 
formed on a plane parallel to the substrate 28, but the 
mask 12 is deformed in a direction perpendicular (Z di- 
rection) to the plane in this embodiment. As shown in FIG. 
10 (a), a wavy mask 12 with warp and the wavy edge 32b 
are used. More specifically, the distance between the sub- 
strate 28 and the edge 32b in Z direction varies according 
to the position of the edge 32b. As shown in FIG. 10 (b), if 
the edge 32b is projected on the substrate 28 or the thin 
film 30, the edge 32b will be in a curve shape. In other 
words, looking at the ion source 18 from the substrate 28, 
the edge 32b of the slit 14 is a curve. The shape of this 
curve obtained by the Equations 1 and 2, that is, the 
shape of this curve is determined based on the orientation 
direction of the liquid crystals in the same manner as the 
previous embodiment. In FIG. 10, the shape of the edge 
32b projected on the substrate 28 is a curve, but it is in a 
shape including a straight line depending on the results of 



the Equations 1 and 2. 

[0042] Further, the edge 32a positioned on the starting side be- 
comes in a linear shape by deforming the edge 32b posi- 
tioned on the end side of the moving direction of the sub- 
strate 28. Alternatively, the edges 32a and 32b respec- 
tively provided on the starting and the end sides are al- 
lowed to be in the same shape. 

[0043] The edge 32b can be deformed by externally exerted 

forces on the mask 12. It is, therefore, possible to dynam- 
ically deform the edge 32b. 

[0044] it i S possible to control the orientation direction of liquid 
crystals using the edge 32b to obtain uniform alignment 
of the liquid crystals, regardless of the structure which 
has been described so far. Accordingly, it is possible to 
manufacture liquid crystal displays free from irregularity 
in brightness and color. 

[0045] as shown in FIGs. 11 (a) and 11 (b), a slit 14 may be 

formed using one piece of mask 12 as well as using two 
pieces of the masks 12. 

[0046] Additionally, the structure for irradiating a beam of atoms 
by neutralizing ion beams 16 generated by the ion source 
18 may be employed as well as the irradiation of the ion 
beams 16. 



[0047] The preferred embodiments of the present invention have 
been described so far, but the present invention is not 
limited to these embodiments. Also, any and all modifica- 
tions, variations or equivalent arrangements which may 
occur to those skilled in the art should be considered to 
be within the scope of the invention. 

[0048] According to the present invention, an uniform alignment 
layer can be formed by controlling an angle between an 
edge and an ion beam. Accordingly, the present invention 
enables the manufacturing of liquid crystal displays free 
from irregularity in brightness and color. 
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: Slit 16, 16a, 16b, 16c, 16m, 16n : Ion beam 
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: Ion source 
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: Accelerating electrode 
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: Plasma generating chamber 
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: Inlet of gas 


[0057] 


28 


: Substrate 



[0058] 30 : Thin film 
[0059] 32aj 32b : 



